Patntd Jun 10, 19 - - 2,600,058 

UNITED STATES PATENT OFFICÊI: 

2;600,058 
LUBIICANT. CONTAINING SOAP OF. PFIOS, 
PHATED- HYDROXY FATTY ACID 
GLYCER1D 
Edwin- Ç: Knowles,. Glenhm, .Oney .P. Puryer,. 
Fishkill,nd George W. Eckert, Glenhm,:N. Y., 
ssignors fo The. Texs Compny, New York,. 
N; Y:,  cozpor{4on,of Delwre 
Nô DrïWîn-g...Applici0n-1V[arch 9  
 Seriel No. 80,574 
11 Claims. ('CI. 25232.5) 

folaing fatty material, phosphated ,castor. oil 
andphosphated hydrogenated, castor oilare sPe- 
cifically mentioned. In the following-.descrip- 
tion, phosphated castor off wfll be.specifically 
5 discussed by way of prefem'ed example,.butitis 
to be understood that the.invention.applies, in 
the saine manner fo the Ph0sphated hydr0genat 
ed castor off and fo the.phosphated;hydroxy-fàtty 
acids enurnerated above. 
10 Castor oil contains the«glyceride off. ricinoleic 
acid, an .unsaturated hydroxy C18 acide, haing 
the-formnla. 
OH 
Ph0sphated castor oil..has-the:-phosphate»roup 
linked fo the gly.ceride of ricinoleic-aci-d.by, re- 
placing, tha hydroxy group in the..12-positioi.as 
folloWs: 
0 
A phosphated castor, oil prodiïct. vailàlJlê 
mercial]y gives the foliowing test: 
Neut r-àlition numbeï: .............. 
Spm]ification number ............. 290]tò310 
0 Iodine numbeï: " 
Phòsphorus (total), per ceït 
his« commercial, ioroduct cntains  bout., 45 to 
-50 %-byWeight o:f: .,phosphated castor.,off and. E5 
35 tê,50% castor oil: 
 n:pelïringthe. soap; sUflïcient: basic:material 
iS empl0ye-d to:react with aid.:neutralize«both.the 
arbOxylic: anti: phosplioï:ic .acfll g..oups» thu:ffiv- 
o 
in. the..case, of i sodium soD. Whëtï 
hydrogenated, the. glyceride 
ricinoleic C.s. conveted o" t5ë lcege-efç tAe 
[ves the cor£espondin 
heneve£ the expressos.'.'hshted 

40 

45 

50 

Thisdnvention relates-to-a:lubrioating:composi - 
tion and particu!arly a-lubricting: grease: pre- 
pared from a soap-of a.phosphated'hydroxy fatty 
acid or glyceridC 
One of-the principalobjects.ofthe.,presentin- 
vention is to provide a lubricating composition 
containing as an additive fo improve--ttie.lublffcat- 
ing characteristiCs thereof, a. moral. S0ap. oî- a 
phosphgted soap-forming hydroxy ftt2.acidl or 
glyceride theeof, such asphdsphad, cstor off 
or ph0sphated hydrogenatëd caSt01« oil. 
Another olJject-0f the: inv6ntion is: to-:.proide 
atubr-icating grease compriSing:an oldaginoustliq- 
uid. lubricating, base. cont-aining, a. suflicient'.pro- 
portion, of: a. sosp of.a phosphated, hydro: fatty 
acid. or glyceride -of this chfact'er t0-thicken, the 
lUbricating base to a gel-like.c0nsistbncy.. 
Other objects and advant'ages:of the: invention 
wfli be apparent from  the.following.decipion 
and-the accompnying claireS. 
__u- acc0rdance with  th6 present, invention,, a 
novel type of metalïsogp of-ä.phbsphtel:hydrdxy 
fatty acid of glycerideïs emplêed:aS.ari.gdditivL to impart .enhancel:liibricating charcteistic.or 
to thicken the:-mineral l[ibriatiri$-ofloY 0th-er 
oleagin0uS liquid lubrickti.ng base, te" a=gel-like 
consistency to.forma ubricafing::grès-e;. In- the 
preparati0n -of- this dditiVe: or sba9,, tle: Var-i0-us 
soap-f0rming hydroxy .fatty acid glycezde and 
their -corresponding hydroxy-fgtty cids'gre:first 
modified by phosphation, t0 substitue-a'-ve-nta  
valent phosphate group'f6r the hydr0xy groUp:0f 
thë glyceride or cid with the: splittirïg: off:o-f 
water. ThîsprotluceS-.complex compbund con- 
taining both the car5oxylic cid radical (as a 
glyceride where the starting- mtbzial:is a-glycer- 
ide) and the phosphate  aCid rgdicals. Thé r-e- 
sulting .compound is then reacted with a suff'cîent 
proportion of a basic metalBc compound, such as 
an oxide or hydroxide, for neutralization of the 
phosphate radical, and for saponification of. the 
-glyceride or fatty acid .radical. 
. Examples-of suitable hydroxy fatty acids-which 
aYe phosphated to produce the. phosphated com- 
potiD_ds--of the present lnention are the hydroxy- 
stèaric acids, such as-.12-hydoxystearic acid,.hy- 
droxymyristic acid, hydroxypalmitic acid, hy- 
droxybehenic acid and ricinoleic acid. Likewise, 
the com-esponding glycerides of these hydroxy 
ïatty acids can be employed, if being, understood 
that glycerine is liberated in. the neutralizing 
step with the production of the saine type of 
metal, soap of the-complex phosphated hydroxy 
fatty acid. As. representative.of a readfly avafl- 
bl .and eÇonomical, supply-.of the raw soap- 
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hyiroxy fatty acîd glycerîde," '«phosphated castor 
off," "phosphated hydrogenated castor off" and 
simflar expressions are employed in the follow- 
lng description and claims, it is tobe understood 
that each designates the type of compound 
scribed above wherein a pentavalent ortho-phos- 
phate group bas been substîtuted for a hydroxy 
group attached to the carbon chain remote from 
the carboxyl group of the hydroxy fatty acid or 
glyceride thereof, with the splitting off of water. 
The resulting phosphated compound thus con- 
tains the unmodified COOH group of the hydroxy 
fatty acîd (or the corresponding glyceride there- 
of) as well as urmeutralized OH radicals oî the 
ortho-phosphate group, with both the COOI-I 
group and the OH radîcals of the orthophosphate 
group of the compound being avaflable for neu- 
tralization in the formation of the metal soap. 
Alkali, alkaline earth, and polyvalent metal 
soaps of the phosphated hydroxy acîds can be 
employed in accordance with the present inven- 
tion in relatively small proportions oî the order 
of 0.1-5.0% or greater in a minerai lubricating 
off as an additîve to impart enhanced lubricatîng 
properties. Low concentrations of these soaps in 
lubricating off to provide a lîquid lubricant impart 
added body, greater load carryîng capacîty (ex- 
treme pressure properties), and better corrosion 
and rust resîstance as compared with the base 
off. As specLfic examples, an improved textile 
lubricant îs produced by the addîtion of about 
0.5-2.0% of the sodium soap of phosphated 
castor oîl to a mineral lubricating off having a 
SUS. viscosity ai 100 ° F. of about 50-120 to gîve a 
heavier bodied off; and, for protective coatîngs, 
the addition of about 1.5-5.0 % of the calcîum or 
other alkaline earth or heavy metal soap oï the 
phosphated castor off to a simîlar mineral lubrî- 
cating off can be employed to give products hav- 
ing a definîte yîeld point or even a gel-like struc- 
ture. 
Moreover, the metal soaps, particularly those of 
such elements as sodium, lithium, magnesîum, 
zinc and aluminum and the mixed base soaps, 
such as sodium-calcîum and sodium-lead, bave 
been round to produce lubrîcating greases having 
advantageous, and in certain respects, unusual 
propertîes when added in suflicîent proportion to 
thicken the mineral lubricatîng off or other ole- 
aginous liquid lubricating base to a gel-like con- 
sistency. Ordinarily, a proportion of soap in 
excess of about 5% up to about 40-45% by weight 
on the weîght of the grease composition is em- 
ployed to produce greases meeting the speciflca- 
tions of the different grades. Any of the various 
mineral lubrîcating ofls customarily employed for 
grease making, as well as the varîous types of syn- 
thetîc liquîd oleagînous lubricatîng bases having 
comparable viscosities can be employed as part or 
all of the lubricating base wîth these partîcular 
soaps. Among the types of synthetic oleaginous 
lîquid lubricating bases which are suitable may 
be mentioned the off-soluble high boilini hîgh 
molecular weîght aliphatic ethers, aromatic esters, 
aliphatic mono- and dicarboxylîc acîd esters, 
phosphorus acid esters and halogenated aromatic 
compounds which possess lubricating properties 
and also bave small change in viscosîty for a 
given change in temperature. Of the varîous 
synthetic oleaginous compounds specifled, those 
falling within the category .of affphatic dicar- 
boxylic acîd esters and particularly the branched 
chain alîphatic esters, such as di-o.-ethylhexY 1 
sebacate, are preferred. In the following de- 
scrigtion and claires, the expression "oleaginous 

 liquid lubricating base" is employed to designate 
both the mineral lubricating oils and the syn- 
thetic lubrîcating bases specifled. 
In the preparation of a grease in accordance 
5 with the present invention, the particular phos- 
phated hydroxy fatty acid or glyceride is heated 
with a metal oxide or hydroxide in the presence 
of water and a portion or all of the mineral lubri.- 
cating off or other liquid oleaginous vehicle ai a 
10 temperature of about 175-.40 ° F. for a perîod of 
about 1-. hours, utilizing sufflcient of the metallic 
base to effect complete neutralization of the acid 
roups of both the phosphate radical and the 
carboxylic acid radical. Following thîs saponî- 
15 fication perîod the product is then dehydrated by 
heating ai a higher temperature up to about 300- 
330 ° F. for a further period of about /2-3 hours. 
Any further off addition is ruade to the saponifled 
product durîng dehydratîon, or îollowing dehy- 
20 dration and as it gradually cools, with continual 
stirring to obtain the desired consistency; and 
additional ingredîents or additîves, such as anti- 
oxidants, antî-corrosives, extreme pressure agents, 
dyes and the like, can be incorporated. The prod- 
25 uct is ordinarily drawn after cooling to a tem- 
perature of about 200-100 ° F. to provide the ulti- 
mate gel-like grease. 
Also, in accordance wîth the present invention, 
the properties of ..the resulting phosphated hy- 
30 droxy acid soap grease can be desirably modifled 
by utilizing a mixture of the phosphated hydroxy 
ïatty acid or glyceride wîth a conventional soap- 
forming fatty acid or glyceride for the saponifl- 
cation step. Any oï the ordinary saturated and 
35 unsaturated soap-forming fatty acids and fat or 
of the hydroxy fatty acids or hydroxy fais, includ- 
ing the hydrogenated fais and fatty acids, such 
as hydrogenated flsh off acids, can be employed 
for thîs purpose. A mixture consisting essential- 
40 ly of substantial portions each of the phosphated 
hydroxy fatty acid or glyceride and an unmodi- 
fied hydroxy fatty acid or glycerîde, as well as the 
foregoing mixture in major proportion together 
with a minor but modifying proportion of a con- 
ventional soap-forming fatty acid, have been 
45 round partîcularly advantageous in accordance 
wîth the present invention. In addition to sapon- 
ifying a mixture of the phosphated hydroxy acid 
and other carboxylic acid with the desired metal 
50 base or mixture of metal bases, satisfactory 
greases can also be produced by separately pre- 
forming the two or more types of soap specifled 
and then mixing them with the addition of fur- 
ther oleaginous Iiquid lubricating base to produce 
55 a grease of the required consistency. 
The following examples are set forth as repre- 
sentative and illustrative of the present inven- 
tion: 
E XAIVI-PLE i 
60 A sodium base grease of phosphated castor off 
was prepared as follows: 200 grams of water, 375 
grains of a naphthene base lubricating off having 
an SUS. viscosity ai 100 ° F. of 307, and 370 grams 
of the above mentioned commerciál phosphated 
65 castor off containing 3.7 % by weight of combined 
phosphorus and having a neutralization number 
of 156, a saponiflcation number of 295 and an 
iodine number of 79, were charged to a gease 
kettle, and heating and stirring were înitiated. 
0 When a temperature of the kettle contents of 200 ° 
F. had been reached, 157 grains of a 50% aqueous 
solution of sodium hydroxide was added drop- 
wise over a perîod of ½ bout, and an additional 
100 grains of rinse water was added in a further 
7I period of 5 minutes. The saponiflcation reaction 



:was continued at:200-206 - F.L for a further period 
of 1 hourL  The.temperature was theh gradually 
9aised fo 300 « F.-over a period of sA bout, and a 
further quantity of 1900 grains of the said naph- 
thene base lubricating off Was troducëd Slowly. 
en heatingand stirring t about ' 300-309  F. 
for  dehydration with continued Off addition was 
carried out over ä period of about 4 hors, when a 
Control sample taken for.penetration showed an 
Sf mworked Peneration of 123 at 7 « E. and 
a worked penetration of 210 at 80  P. The heat 
 Was the cut and the temparature dropped !owly 
with contued Stirring to about. 210 
Period of 1 hours. A solution of t3.5 grains of 
« diphenylane in 50 ams of the naphthene 
base lubriating.oil, gether with 500 grains 
additi0nal of thë lubricating off were thensloMy 
added at this mperate over a period 
'h0ur. The resting product was then- drawn to 
obtain an exce!let yield of a transParént light 
yeli0w suif butte grease. 
A series of 0ther metal soap greases of the com- 
mercial Phosphated caser off, includg a lithium 
-base grease, a maesi base ease, a Zinc 
base grease, an aluminum base grease, a 3:1 
sodium-calcium mixed base grease and a 3:1 
sodium-lead mixed base grease were also pre- 
pared in a similar manner and utflizing the saine 
naphthene base lubAcating off. ical tests 
 :and the characdstic appearance of the above 
described sodium base and the 'other metal base 
greeS so obtaed are setforth in. the following 
Täble 

-oEetal 

sodium ........ _ 
lihium .......... 
agneinm ...... 
ein.c .... = ........ 
alumimum ...... 
sodium-calcium. 
sodium-lead ..... 

Table I 

Soap, _ 
Percent I Drap. 
Calcu- ?t., °F 
 lated I 
13.5 I 485 
12. 6 500-}- 

20 340 
20 OE3 
23.8 224 
10 07 
15 268 

ASTM 
Penetra- 
tion, 
lnworked 
 144 
138 
275 
201 
128 

157 

77°F. 
Worked 
293 
269 
344 

-;grease to texture changewhenw0rkedunderhigh 
Sheaing stress, the test being Carried-OUt 
scribed in U. S. Patent No. %450,219, Ashbur aïd 
Puryear, in column 5, lines 6-i9..A small chafige 
5 in miniature penetration of the samplefter%Ct 
in comparison with the original is irïdicatïve 
excellent texture Stability under high-:shearing 
stress. The miniature- penetration test isde- 
scribed in tnd. Eng. Chem., Ana]ytica!:Editiçn , 
1o vol. II, page 108, February 15, 1939. 
.The grease breakdown machinetest is used:.to 
determine the lubricating properties of.ball 56ar- 
ing greases at various temperatures. The ma- 
chine employed consists essentiatly of a stand- 
15 ard motor-driven rotating ball bearing: (20 nïm. 
- bore x47 mm. diameter x 14 mm. width)+modht- 
: ed veticallY and-enclosed in an ail 
taSning an etectric immersion coil Wiih ç àdjtit- 
ablerheostat for temperatue C0ntr01. -Theïp- 
20 per-Iace of the bearing is not covered, 
Observations of performance during oPera%ibn 
can be ruade. The bearing is charged ïgith5 
grams of the grease iitially. With the Sysem 
at atmospheric temperature, rotation 0f%he 
25 packed test bearing is started ai 3450 1. PI'M. 
Cd allowed to proceed Ior 3 minutes,  during 
vh, ich rime observations are takeh of thé genal 
nature of lubrication provided, i. e., whether or 
hot the grease ïo]ds over the bearing, channels, 
30 slings away from the bering, tends to "ballïup/, 
etc. Then heat is applied fo the bearing asit 
continues to rotate at the saine speëd 35 sto 
gradually raise the temperature of the: beng 

Appearnce 
transparent light yel- 
low, stiff, butteF. 
clear amber, . light 
feather. 
transparent ambçr, 
- 'tringy. 
274 opaque lvory sort, 
buttery. ' 
249 amber, transparent gel. 
273 transparent pale yel- 
 low, hard, "buttery. 
286 tan, stiff, buttery. 

83 
.36 
 ]9.6 
E 
E 
G 

In addition to the foregoing tests for dropping 50 
point and penetration, other tests were obtained 
on this series of greases as set forth in appended 
- Table II: 
Tabïe 
Na Li Mg Zn Na;C/ Na:Pb 
Dynamic Shear Test,  lin- 
"- iature Penetratian:  
Obiginal ................ 41 45 I .......... 40 
Final ................... 3.t[ 11[ .......... 35 
Lubrication-Grease Break- ' 
 d6wn tIacliiñe--R. T. to 
 / 3 0 " - - E I E E E 
- O0 F__ ...........  ....... A " 
Low-Tempcrature Torque. 
" e</rev.: 
. . 1V[hl 30°-:F..:.:::: .... - 67" . - 11.8 
' LubrfcatiÒn:Trque Bi'eak- 
,' d0wn hoEachine: - 
Timken Bearing 800 F_. F E E 
Tiraken Bering 80-250 ° 
Federal Bearing 80 ° F.. GG G P Ë 
Federal Bearing 80-250 ° 
F ...................... F P G 

until the grease fails to lubricate (the breakdown 
point) or until a temperature of 300 ° F. is 
-reached in about 40 minutes ïr0m the start of the 
.teSt/ Beginning t a bearing tèmperature of 100 ° 
F., observations aï Performance are reCordedf0r 
55 eVery 25 F. temperature fise:or for any signifiCant 
development such-as texture change, expCs¤Ün 
in volume, air entrainment, channeling, leàkáge, 
melting and consequent thinning, separation, dis- " 
coloration, vaporization, etc. Art-er c0mpleting 
the run, the bearing isremoved and cooted; nd 
grease remainingon the bearing is examined for 
 teXture and consistency Change, dis01oration, 
etc. and compàed ïth ' the original:grease. 
,reSults obtainedare Comparêd:with those-securëd 
 inthe same téstOn a standardpremium .ball:and 
taller bearing grease of"known exce!lent per- 
formance; Cd the performance of the test grease 
is rated on a c0mlSarative basiS as E for excellent, 
G for good, A for. adequate: F for ïair-and P for 
70 Poor. 
The low temperature torque test aï the:fore- 
going table is essentially a measure.of-the:re- 
sistance of-the grease to-congealing and ofits 

I,etters denote. E--excellent; G--good; A--adcqute; F--fair 
P--poor. 

The dynamic shear resistance test of. the fore- ubility to ':afford pr0per lubricatibn Under 
-going table is a measure :of heresists:nce.::of :the ..7 ï:remely-10w: térïipei';tUi'ë .6rctitions,:.siïh;s are 



éncountered in aircraft at very high altitudes. 
The apparatus employed for the test consist es- 
sentially of a vertically mounted hollow spindle 
with a No. 204K Conrad type 8-boEll bearing 
mounted on the bottom, and a drum on which is 
wrapped a coiled line. for applying torque mount- 
ed on the top. The bearing packed with a 60 % 
capacity charge of the grease fo be tested is 
clamped at the inner race fo the spindle, while 
the outer race is clamped immovably fo a sta- 
tionary cup within which the bearing is inserted. 
The assembly is inserted with the lower bearing 
end in a low temperature bath containing iso- 
propyl alcohol, and the desired temperature of 
the bath and bearing is attained by dropping 
D-j Ice in the bath. The drum and drum exten- 
sion carried at the upper end of the hollow spindle 
and protruding from the bath are held in vertical 
position by a tapered roller bearing. The line 
coiled around the drum extends over a pulley fo 
a container into which the desired weights are 
added to apply the torque load fo the hollow 
spindle to thereby cause rotation of the spindle 
and inner race of the bearing with respect to the 
lixed outer race. A time of not less than two 
" hours is utilized to cool the bearing to the test 
temperature, and an additional soaking period 
af the test temperatuie is pennitted such that 
the test is not run until three hours from the 
start of cooling. When the desired bearing tem- 
perature and soaking period are attained, a 
2000 gram-centlmeter torque load is applied in 
both clockwise and counterclockwise directions, 
and the number of seconds for one rotation in 
each direction is observed and the readlngs 
averaged. 
The torque breakdown machine test is designed 
to evaluate the lubricating properties of greases 
used for the lubrication of anti-friction bearings. 
Two standard 3.9370 inch Timken tapered follet 
bearings packed with about 9.5 g. each of the 
grease under test, and a standard Federal Pïe- 
cision Ball Bearing No. 19.11 packed with about 
32 g. of the grease are employed, the packed 
bearings being weighed before test. In the test 
of each bearing, the bearing is assembled on a 
motm. driven shaft supported by pillow blocks 
within a bearing housing mounted within an in- 
sulated chamber, with a system of levers con- 
nected to register any movement of the bearing 
housing in grains on a platform scale, whereby 
both the starting torque and the running torque 
can be measured. The insulated chamber is 
equipped with a copper cofl tubing ïor the cir- 
culation of a cooling or heating medium, and 
also with an insulated cover equipped with an 
electrlc heater and a motor driven fan, whereby 
the temperature of the chamber and bearing 
under test can be accurately controlled. The test 
of the Timken bearings at 80 ° F. is ruade af 900 
R. P. M., and the test of the Federal bearing ai 
80 ° F. ismade ai 1750 R. P. M., each for a period 
of two hours. The instant the motor driving the 
test bearing is started, the rst torque reading 
is recorded as the starting torque. Then run- 
ning torque and temperature readings of the 
bearing are recorded ai one minute intervals for 
the first 30 minutes, and af 10 minute intervals 
for the remaining 1/ hours, while the tempera- 
ture within the chamber is ad]usted fo maintain 
the bearing temperature within 9.° of 80 ° F. At 
the end of the run, the bearing is removed from 
the housing and weighed, whereby the weight of 
the grease remaining on the bearing can be com- 
,puted,. Th welht of the grase .on the housing 

8 
is also determined; and grease leakage (grease 
escaping from both the bearing and housing) is 
determined by actual weight measurement or by 
difference. A visual inspection is ruade of the 
5 grease remaining on the bearing to ascertain 
whether any structure or texture change bas 
taken place; and the penetration of a sample of 
the grease taken from the bearing aïter test is 
compared with the original penetration of the 
l grease. A second test procedure is conducted on 
the same machine in this manner, except that in 
this case the temperature of the chamber and of 
the bearing is raised gradually from an initial 
80 ° F. to a temperature of 250 ° F. at the end of 
.5 an hour. The test is then run at 250 ° . for an 
aàditional two hours before terminating the test. 
Similar readings are made as previously 
scribed. The results thus obtained are compared 
with those secured in the saine tests on a stand- 
ard premium ball and roller bearing grease of 
known excellent performance; and overall lubri- 
cating performance of the test grease is generally 
reported on the basis of this comparison as E 
for excellent, G for good, F for fair and P for 
25 poor. 
The foregoing Tables I and II show that the 
phosphated castor off soap greases of the present 
invention show advantageous and, in certain re 
spects, unusual properties. ïhe sodium, lithium 
30 and sodium-calcium greases bave high dropping 
points, with the lithium base grease having the 
unusual dropping point above 500 ° F. NIost of 
the greases tested by the dynamlc shear test 
show excellent to fair resistance to working 
35 down; and practically all of the greases showed 
excellent performance in the rigorous grease 
breakdown and torque breakdown machine tests. 
A sample of the 3:1 sodium-calcium grease con- 
taining 0.5% by weight of diphenylamine gave 
40 adequate lubrication in a 168 hour continuous 
run at 9..8 ° F. in the torque breakdown machine 
using a Federal ball bearing. In addition to the 
tests listed, tests were made on the Timkin E. P. 
Machine on the sodium base grease with various 
. ; loads ranging from 10 to 45 pounds OK being 
obtained, which indicates that the phosphated 
castor off soap greases possess extreme pressure 
characteristics. 
ELE II 
.:0 The following example is listed as representa- 
tive of a lithium base grease of phosphated castor 
off possessing excellent low temperature and 
lubricating properties which adapt it for special- 
ized ball and roller bearing uses. 100 grains of 
5 water, 375 grains of an acid-treated light pressed 
distillate paraiïin base lubricating off having an 
SUS viscosity at 100 ° F. of 101, and 370 grains of 
the above mentioned commercial phosphated 
castor off having a phosphorus content of 4.54% 
:, by weight, a neutralization number of 146, a 
saponification number of 301, and an iodine num- 
ber of 80 were charged to the grease kettle and 
heating and stirring started. When the tem- 
perature of the kettle contents reached 196 ° F., 
;5470 grains of a 10.1% aqueous lithium hydroxide 
solution were slowly added over a period of 
hour and an additional 50 grains of rinse water 
then introduced. aponification proceeded for 1 
hour ai 200-202 ° F., when the temperature was 
7o raised to about 300 ° F. for dehydration. With 
the temperature maintained ai 301-304 ° F. over 
a period of about 2 hours, 1700 grains of di-2- 
ethylhexyl sebacate having an SUS viscosity at 
100 ° F. of 68 and a pour point below --80 ° F. 
75 were gradually added to bring, the grease to de- 



4:1 mixture of the synthetic Off with the parafllr- 
base lubricating off In the final product. The 
heat was then .cut and the product gradually 
cooled wltlz continued stirring, during which rime 
13 grams of phenyl alpha-naphthylamine in 50 
grams, of the paraffln base off and 0,1 grain of. a 
suitable dye were added. The resulting product 
was .drawn af 225 ° F,. fo obtain a hard gel-like 
orangecolored grease having the following cal- 
culated composition: 
Per cent by weight 
Lithium soap of phosph.afed castor.off _.__ 14.8 
Paraffin. base,!.u_br!CÇting: off - 
Dir2rethyl .hexYl, .seba.cate .......... __,. 68.5. 
Phenyalphanaphthylam!ne ___  _ _ ._ _  _ 0.5 
Dye- - " - 0.0o2 
Typical tests obtained on.this grease are set, 
forth in the following.Table III. 20 
DroPPing point, °F .____u___. ........  Over 500 
Penëtr_afion, ASTM, ° F.: 
Unworked " - 142 
Freealkali (LiOH)), per cent .... 0.05 
Free fatty acid- (as oleic), per cent .... 0,13 
Lihium soap per cent  i4=8 
Appearance  - Hard, gelïlike orange 
Lubricationgrease breakdown machine 3O 
R. T. fo 30 ° F .............  ......  .... A 
Lubrication--torque breakdown machine: 
Federal bearing; 80 ° F ................ E 
Federal bearing, 80-250 ° F±__± .... ___ E 
Timken bearing, 80  F ................ 
Timken. bearing,- 80-250 ° .F ............ E 
Low temperature torqueminus 9 ° F., 
Off sëparati0n test:ï-50 hr. at 212 ° F.: 
Separätion pe cent ..... 5.2 4O 
Evaporation per cent-__ ....... " ..... 0.18 
The oil..separation test iÇ. dscrlbed in. ArmY- 
Navy Aeronautical Speciflcati0n AN-G-3, Low 
Temperatue_Lubricatng. Grease, page 5, March 
6, 193 This is a measure of the resistancé Of 45 
the_ grease t0 off bleeding nd. eaporation,. In 
this test 10 grams of. the grease are placed in a 
weighed 60.mesh screen cone su_pp0rted from the 
rim of a.xveighed 100 milliliter beaker so that the 
p0intod bottom of the screèn cone containing thç 50 
grease is .sub.stantia!ly aboute the .bottom_ of the 
beaker.. Tts assebly .s-.then p_laced in a gravity 
convect_ion qven maintÇi.ne.d at 212 ° F. for a 
period0f50 ho_ur_s.... A .the end of that Period, the 
assembly is temoved cooled in a desiccator, and 
the baker .and oi veigléd.ögether and tiïé 
beaker weighed separate.!y; The .final Wtiglï 
the beaer minu.s the lrdtial weigh of the beaker 
divided by the initial weight of the grease sample 
rimes t00 is. rep0rted.as per certbleeding. T!e 
initial_ weight of the .beaker p!us cone .and grease 
minusthe final weight .ote beakerplus cone 
and g_rease diyided by the .fffit!a! weight Of .ê 
grÇase .sa.tapie.rimes 100 is reported as per cent 
evappr ation._ 
The fqr_eg0ing_teslts, incuing le exgeptionaliy 
big h dropping p0it ab0w 500 ° F» th e satisfac= 
tory. yield;.the excellen 10W tempeçature .torqe 
(operable.a ±9 F..and pr0baby af lower 
përatures) the low oil. separation and evapora  " 
ton. af 212 ° F,,f0r a light Off .asemployed, and the 
excellent .lubricting properçies for ball and 
roller bearings o¢er wide. ranges of tonîperature 
s0F thatl.this .i. a premium .type. of grease of 
unusual character. 

The foiiowing example is listed as typical 
premium type lithium basegrease prepared..from 
a mixture of-a major proportion of :the men- 
tioned commercial phosphated castor off with 
minor proportion of a conventional, fatty acid;. 
such as stearic acid particularly for the produc- 
tion of agrease having exceptional low tempera- 
ture properties in- addition to providing excel-. 
lent lubrication over a- wide temperature range. 
324 grains-of phosphatod Castor off er the char; 
actor specifièd above, 110 grains of triple pressed- 
stearic.acid, 310 grams of an. acid-treated lighl 
pressed distfllate paraffln base lubricating oil haw 
ing aH SUSviscosiW af 100 ° F. of 101, 200 grams 
of water, and 513 grains of a 10,1% aqueous 
lithium hydroxide solution were charged fo 
grease ketfle and heating and stirring, started: 
Saponlflcation was effected at a temperature of 
160-190 ° F, over a period of 2/2 hours, Then the.. 
temperature was raised rapidly fo above 300 ° 
and maintained at.about .311-324 ° F. for 2 hours  
to effect dehydration. 930 grains of di-2-ethyl- 
hexyl sebacate were then added slowly over 
period of..4 hours with continued stirring as 
temperature dropped to about 220 ° F. with 8.6- 
grains of phenylalphanaphthylamine included in 
the final portion of the added di-2-ethylhexy 
sebacate. During continued stirring and as the 
temperature droppéd fO about 180 ° F., t00 grams 
of a blend of the di,2-ethylhexyl sebacate with- 
the paraffin base off in the ratio.of 3:1 and eon« 
taining-0.5 grains of phenylalphanaphthylamine.. 
were added, followed by an additional 50 grams.. 
o,f the 3:1 blend containing 0,25 grains of phenyl-; 
alphanaphthylamine. The grease was drawn 
a tomperature of 174 ° F. and a final product of 
brown smooth, glossy buttery medium feather 
grease obtained, having .the following calculated: 
composition: 
Per cent by wéighi " 
Lithium soap.oï phosphatod castor.off ___ 
Lithium stearate ± ....................... 6.0 
Di-2=ethylhexyl sebacate ........ « ...... _ 56.0 
Parafn base !ubricating off ............. i 18.i 
Glycerine ............................... 1.5 
Phenylalph anaphthylamine .............. 0.5 
Excess LiOH ............................ 0.1 
The following tests were made on this grease 
in comPaion with the Ordnance Department,. 
U. S. Army Specification 2134, for L0w Tem- 
Perature Instrument Grease, October 8, 1948 
Tble IV 

55 
2-134 
Spec. 
Drpping Point, °'F::-  .: ï .......... ï ..... 00 min .... 
Penetration ASTM, 77  F.: 
Unworketl ......................................... 
60 VorkeL ........ : ..................... 200-340_,__ 
Free Alkali (LiOH), per cent ......................... 
Free fatty acid (oleic), per cent ...................... 
Ofl.separation-:30.hrs'. af 2t2 ° F., pc]' cent_ 5 mx. .... 
Moisture Test--10 sec immersion .......... 
Oxidation--Norma-Hoffm ann Bomb: 
" '(a) 110 p. s..l., 2107F, 400 hrs., lbs.. 5max ..... 
65 drop per 100 hrs. - 
(b) copper catalyed, 110 p. s. i., 210 ° 
F. 20' hours ................... : .... (). 
Lqw .Teraperature torque--.7 o F. 2000 
g. cm:, 3 g. of gresse, sec./rev ........................ 
Working Stability (100,000 strokes):.. 
 Penetration, ASTBOE, 77 ° F. Original 
(unworked)_ : ..................... '._ 
70 Final ......................... " ........... 
Dynamic Water Resistance Loss, per cent ............. 

Aver 500." 
19. 
280: 
O. 07". 
0.30. 
2:09... 
passes. 

3.- 

passe.. 
1.7. 

267.: 
0. 25,: 

 No clouding or emulsification. 
 No change in grosse or stain on c?pper. 
The moisture test as set ïorth in the ïoregong 
75 2234: SpecifiCïfion is ruade by taking /2 0 t ï 
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gram of the grease on the end of a stirring rod 
and immersing for 10 seconds in water in a 200 
mil]iliter beaker. During the period of immer- 
sion, the water is observed visually te detect any 
appearance of cloudiness or other evidence of 
emulsiflcation of the grease. 
The Norma-Hoffmann oxidation test is a meas- 
ure of the resistance te oxidation of lubricating 
greases when stored under static conditions for 
long periods of rime, as when coated in rhin 
films on anti-friction bearings, motor parts, etc. 
In this test, rive four-grain samples of the grease 
are put in fiat sample dishes and placed in a 
stainless steel bomb sealed with a lead gasket in 
an atmosphere of oxygen under an initïal pres- 
sure of 110 pounds per square inch af a retapera- 
turc of 210 ° F. The pressure drop in pounds 
within the bomb is thon recorded at intervals of 
100 hours up te 400 hours or until a pressure drop 
of 55 pounds per square inch occurs. 
The copper catalyzed test of the foregoing table 
is conducted in the saine apparatus, except thaç 
a strip of copper is partially immersed in the 
grease sample. Af the end of 20 hours at .10 ° F. 
the grease is examined for decomposition or any 
change in celer or consistency, and the copper 
strip is examined for evidence of corrosion or 
stain. 
The Working Stabflity test is described in the 
Army-Navy Aeronautical Specification AN-G-.5 
for Low Temperature Aircraft Lubricating Grease, 
October 9, 1947, and is a measure of the texture 
stabllity of the grease under shearing stress. In 
this test a mechanical worker consisting of a cyl- 
inder fllled with the grease sample te be tested 
and ,containing a plunger plate having approxi- 
mately 270 holes of t inch diameter each is em- 
ployed, and the plunger is worked back and forth 
through the grease at the rate of 60 double 
strokes per minute untfl 100,000 double strokes 
bave been completed. The final penetration of 
the worked grease is thon taken and compared 
with the original unworked sample. 
The dynamic water resistance test of the fore- 
going table is that described in Army-Navy Aero- 
nautical Speciflcation AN-G-25, Low Tempera- 
turc Aircraft Lubricating Grease, Item F-4L 
October 9, 1947. This measures the resistance of 
the grease against being washed out of the bear- 
ing in the presence of water. Briefly, the test in- 
volves the 204K Conrad ball bearing mentioned 
above pack with 4 grains of the grease and 
clamped in a tight fltting housing which allows 
the inner race te rotate. The latter is mounted 
on a horizontal shaft and rotated ai 600 1. P. M. 
while a fine stream of distilled water is directed 
against the end plate of the bearing housing just 
above the outer opening of the bearing housing. 
This oparation is continued for one heur, when 
the loss in weight of the dried bearing is thon re- 
prted as grease loss; and this less in weight di- 
vided by the weight of the gTease used in packing 
the bearing is reported as the percent loss. 
The tests of the foregoing table show that this 
grease easily passes the diflicult requirements of 
the 2-134 Speciflcation. In addition, the high 
dropping point, the very low rime required for 
one revolution at --67 ° F. in the low temperature 
torque test, and .the excellent working stability 
and water resistance of this grease make if out- 
standing. 
Another bateh of this lithium base grease of 
the saine formulation was tested in .comparison 
with a conventional lithium base low temperature 
grease prepared frein hydrogenated castor off 

12 
and new on the market, with the results shom in 
Table V. TaSle V 

10 

Dropping Pt., °F ....................... 
Mean Hertz Load ....................... 
Cu corrosion, Norma-Hoffmann Bomb_ __ 
Salt spray (100 hrs., 95 ° F.), percent rust.. 

Conventional 
Li base Low 
Temperaturo 

66 ............ 
20 ............. 
positive 
corrosion. 
50 te 60 ........ 

Present 
Li base 
Grease 

457 
37 
no stain. 

I0:15 

The mean Hertz load test is made with the 
so-called four-ball EP machine as described in 
15 the U. S. Naval Engineering Experiment Station 
leport on Cooperative Evaluation of EP Lubri- 
cants, May 3, 1946. This machine comprises 
essentially a ball pot in which three /2 inch 
diameter bearing balls SKF Grade 1, are locked 
20 in place by a lock ring and nut. A vertical driv- 
ing shaft terminating in a ball chuck holder, inte 
which is inserted a ball chuck containing a fourth 
bearing ball of the same type, extends down- 
wardly into the ball pot se that the fourth ball 
25 rotates as it is pressed against the three station- 
ary balls. The ball pot is attached te a mount- 
ing disc supported on a thrust bearing, se that 
the ball pot assembly is free te rotate about 
vertical axis; and the ball pot assembly is forced 
30 upwardly te engage the halls at predetermined 
pressures by means of weights applied te a count- 
erweighted lever arm acting through a pressure 
pin, stop bearing and cross-head, the latter sup- 
porting the said thrust bearing. In each run, 
35 the balls are coated with the grease under test; 
and the vertical shaft is driven at 1800 R. P. M. 
for 10 seconds at an applied load. ehe three 
halls in the ball pot assembly are then removed 
for measurement of the scars formed by rubbing 
40 of the top or fourth ball on the three lower balls. 
A new set of four balls is used for each run. This 
is a measure of the extreme pressure properties 
of the grease and the empirical figures of the 
table set forth the so-called extreme pressure 
.15 value, termed the mean Hertz load, which latter 
Is based on a relationship between the wea-load 
diagram obtained with the lubricant tested and 
that of a theoretically perfect lubricant, as de- 
scribed by the so-called Hertz line of elastic de- 
a0 formation. Each determination requires 20 te 27 
ton-second runs at prescribed increasing loads 
up te welding, with subsequent measurement of 
wear-spot diameters formed on the test balls. 
The division of a factor, supplied for each applied 
 load, by the wear-spot diameter is made; and 
the results are averaged te yield a numerical 
evaluation of the extreme pressure properties of 
the grease. A higher numerical value representa 
a closer approach te the theoretically perfect 
00 lubricant. 
The salt spray test is designed te evaluate the 
ability of a coating of the grease te protect moral 
specimens, such as boiler steel specimens, against 
corrosion in the presence of salt or sea water 
5 spray. In this test the moral specimens coated 
with the protective layer of the grease under test 
are supported at a 45 ° angle in an enclosed salt 
spray box held in an inclined position. An atom- 
izer consisting of two nozzles arranged at right 
70 angles is mounted in the lower portion of the 
inclined box, one nozzle being connected te a 
source of clean compressed and water-saturated 
air under a pressure of 12-15 pounds per square 
inch, with the other nozzle opening inte the bot- 
75 rem of the box te draw salt solution up through 
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this nozzle, aomizing it in the form of a very 
fine mist. An inclined bafl]e is mounted between 
the atemizer and the specimens under test fo 
keep the spray from impinging directly on the 
specimens. A synthetic sea water solution is used 
as the salt spray, this synthetic sea water solu- 
tion being prepared as follows. A stock solution 
containing 10 grams of KC1, 45 grams of KBr, 
550 grams of MgC12.6H20 and 110 grams of 
CaC12.6H20 with suflcient distilled water te make 
1 liter, is prepared. Twenty milliliters of this 
stock solution is then mixed with 23 grams of 
NaC1 and 8 grams of Na2SO«.10HO, and with 
sufficient distilled water to make up fo 1 liter. 
As shown by the table, the operation is continued 
for 100 hours at 95 ° F., and then the specimens 
are removed and the percentage area of the speci- 
mens coated by rust is determined. 
As shown by the foregoing Table V, this lithium 
base grease of the present invention has a higher 
dropping point, higher load carrying capacity 
(mean Hertz load), greater resistance to salt 
spray, and better copper corrosion protection 
than the premium type of lithium base low tem- 
perature grease now employed. 
Whfle the foregoing examples fllustrate pre- 
ferred types of greases prepared from the com- 
mercial phosphated castor off, which consists 
roughly of about equal proportions of phosphated 
castor off with unmodified castor off, it is te be 
understood that advantageous types of greases 
as well as improved liquid lubricants can be pre- 
pared from phosphated castor oil alone, or phos- 
phated hydrogenated castor off alone, or mixtures 
thereof. Likewise, the various other mentioned 
phosphated soap-forming hydroxy fatty acids or 
their glycerides can be used in a similar manner. 
In ortier fo obtain the advantages of the phos- 
phated type of soap in the preparation of lub- 
ricants or greases of the present invention, it is 
desirable to employ as the soap-forming car- 
boxylic acid or glyceride constituents a mixture 
containing at least about 25% by weight of the 
phosphated hydroxy fatty acid or glyceride, with 
the balance being composed of unmodified hy- 
droxy fatty acid or glyceride, or conventional 
soap-forming fatty acid or glyceride, or mixtures 
thereof. 
Obviously many modifications and variations 
of the invention as hereinbefore set forth may 
be made without departing from the spirit and 
sc0pe thereof, and therefore only such limitations 
should be imposed as are indicated in the ap- 
pended claims. 
We claim: 
1. A lubricating grease comprising an oleagi- 
nous liquid lubricating base containing in excess 
of 5% and up to 45% by weight based on the 
grease of a metal soap of a phosphated soap- 
forrning material selected from the group con- 
sisting of a phosphated soap-forming hydroxy 
fatty acid and a phosphated soap-forming hy- 
droxy fatty acid glyceride suflicient to thicken 
said lubricating base to a gel-like consistency. 
2. A lubricating grease comprising an oleagi- 
nous liquid lubricating base thickened fo a gel- 
like consistency with a proportion in excess of 
5% and up to 45% by weight based on the grease 
of a metal soap of phosphated castor oil hav- 
ing the formula 
o 
MO--I--OM 
0 0 
c(c,).c,-c=c(c,,-o 
where M is an alkali metal. 
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3. A lubricating grease according to claire 2, 
wherein the oleaginous liquid lubricating base 
consists of a major proportion of an off-soluble 
high molecular weight high boiling liquld ali- 
5 phatic dicarboxylic acid ester within the lubrl- 
cating off viscosity range and possessing lubri- 
cating properties and a minor proportion of a 
mineral lubricating off, and M of the metal soap 
is llthium. 
10 4. A lubricating grease according to .claire 3, 
wherein the said aliphatlc dicarboxylic acid ester 
is di-2-ethylhexyl sebacate. 
5. A lubricating grease comprising an oleagi- 
nous liquid lubricating base thickened to a gel- 
15 like consistency with a proportion in excess of 
5% and up fo 45% by weight based on the grease 
of lithium soap consisting of a major proportlon 
of the lithium soap of phosphated castor off and 
a minor proportion of lithium soap. of a satu- 
20 rated soap-forming fatty acid. 
6. A lubricating grease according to claire 5, 
wherein the lithium soap of the saturated soap- 
forming fatty acid is lithium stearate. 
7. A lubricating grease comprising an oleagi- 
25 nous liquid lubricating base thickened fo a gel- 
like consistency with a proportion in excess of 
5% and up to 45% by weight based on the grease 
a sodium soap of phosphated castor off. 
8. A lubricating grease comprising an oleagi- 
30 nous liquid lubricating base thickened to a gel- 
like consistency with a proportion in excess of 
5% and up to 45% by weight based on the grease 
a mixed base sodium-calcium soap of phosphated 
castor off. 
35 9. A lubricating grease comprising an oleagi- 
nous liquid lubricating base containing in excess 
of 5% and up to 5% by weight based on the 
grease of a metal soap of a phosphated hydro- 
genated castor off suflicient fo thicken said lub- 
40 ricating base to a gel-like consistency. 
10. A lubricating grease comprising an oleagi- 
nous liquid lubricating base as the major con« 
stituent and a proportion in excess of 5% and 
up to 45% by weight based on the grease of 
45 metal soaps of a mixture consisting essentially 
of phosphated castor off and castor off to thicken 
said lubricating base to a gel-like consistency, 
said phosphated castor off constituting at least 
25% by weight of said mixture. 
50 11. A lubricating grease according to claim 10, 
wherein said mixture consists essentially of 
about 45-50% by weight of phosphated castor 
off and 55-50% by weight of castor off, and 
the metal of said soaps ls lithium. 
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